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I 73 3 ABSTRACT 

A process fur introducing a cobalt additive into a nickel 
active material/sintered nickel-coated graphite fiber 
plaque composite electrode in which the electrode is (1) 
soaked in a solution of cobalt nitrate, cobalt sulfate, 
cobalt chloride, or cobalt acetate in water or a mixture 
of water and methanol, ethanol or n-propanol, and (2) a 
cathodic current having a density of from about 10 to 
about 200 mA/cm2 is applied across the composite elec- 
trade for from 5 to 600 seconds. 

12 Claims, 4 Drawing Figures 
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COBALT TREATMENT QF !‘GICKEL COMPOSITE 
ELECTRODE SURFACES 

This invention relates 10 battery electrodes and more 
particularl_tq to light weight sintered nickel battery elec- 
trodes. 

The nickel composite electrode disclosed in U.S. Pat. 
No. 4J 15,190 entitled “Lightweight Batters Elec- 
trode,” which issued to William A. Ferrando ahd Ray- 
mond ,4, Sutula on July 20, 1980, has proven its advan- 
tage over conventional powder electrodes in reducing 
batterIF weight and bringing higher energy density 
without sacrificing durability and cycle-life. However, 
it suffers from one major drawback, i.e., a slow increase 
of active material utilization with cycling. Typically it 
takes 40-80 cycles to reach 90% utilization. This kind of 
slow formation has been identified as the single remain- 
ing barrier tu the practical use of the composite elec- 
trode. Under similar impregnating conditions, powder- 
sinter electrode would not experience such a behavior 
Conventionally sintered nickel electrodes are loaded 
with nickel hydroxide active material by chemical or 
electrochemical impregnation method. In either 
method about 5-7s (weight percentage) of cobalt hy- 
droxide is added to the active material by coprecipita- 
tion from a same bath. Ferrando et al. (U.S. Pat. No. 
4,215,190) used these conventional procedures to load 
their nickel phosphorous coated carbon fiber grid elec- 
trodes. William A. Ferrando in U.S. patent applicaiion 
Ser. No. 740,I 15, filed on May 29, 1985, entitled 
“Method of Impregnating Active Material into Com- 
posite Nickel Plaque,” discloses a method which uses a 
suspension of fine particles of nickel active material 
(e.,e., Ni(UH),) d 7 an a cobalt additive (e.g., Co(OH)l) in 
ethylene glycol to impregnate the nickel-coated graph- 
ite fiber plaque. This method greatly reduces the cost of 
filling the plaque with nickel active material and cobalt 
compound; unfortunately, here as with the conven- 
tional methods from 40-80 cycles are required to reach 
the level of 90 percent utilization. 

British fat. No. 777,417 entitled “improvements in or 
Relating to Process for Activatim Positive Electrodes 
of Alkaline Adcumulators,” w6ch issued to Hans 
Winkler on June 19, 1957, discloses a process in which 
a nickel hydroxide/nickel powder sintered electrode is 
soaked in a coba!t sulfate solution and then an alkali 
metal carbonate solution which causes cobalt hydroxide 
to precipitate out onto the nickel active material. Disap- 
pointin&, when this method is applied to nickei hy- 
droxide/sintered nickel-coated graphite fiber elec- 
trodes, with their much longer pores, the treated elec- 
trodes still require from 25 to 30 charge-discharge cq’- 
cles to obtain 90 percent of capacity. 

Thus, it remains to find a method of reducing the 
number of charge-discharge cycles required to bring 
the cells up tc ?0 percent of capacity. 

Accordingly, an object of this invention is to reduce 
:he wst af manufacturing Le,, ;oht weieht, sintered nicke! 
coated graphite fiber grid nickel eleitrodes. 

P 
.4nother object of this invention is to provide a more 65 

efficient method of introducing cobalt into the nickel 
active material of sintered nickel coated graphite fiber 
grid electrodes. a 

2 
A further object is to provide a nickel electrode 

which uses less cobalt additive but mure efficiently. 
Still another object of this int#enrion is to provide a 

method of reducing the number of charge-discharge 
cycles required 10 bring a cobalt additive/nickel active 
materiaI/sintered nickel coated graphite fiber grid elec- 
trode up 10 90 percent of capacity. 

These and other objects of this invention are accom- 
plished by providing a method of introducing a cobalt 
additive into a nickel active materiakintered nickel 
coated graphite fiber plaque composire electrode com- 
prising: 

(1) soaking the electrode in a cobalt solution of 
(a) from 0.01 to 3.5 M cobalt nitrate, 
(b) from 0.03 to 1.0 M cobalt sulfate, 
(c) from 0.01 to 1.0 l cobalt acetate, or 
(d) from 0.01 to LO M cobalt chloride; and 
(2) applving a cathodic current having a densitv of 

from abou; 10 to about 200 mA/cmZ to the composite 
nickel electrode for from 5 to 600 second. The resulting 
electrodes required only about 5 charge-discharge cy- 
cles to be brought up to 90 percent utilization of capac- 
ity. 

BRIEF DESCRIPTION OF THE DRAWNGS 
A more complete understanding of the invention and 

many -of the attendant advantages thereto will be 
readily appreciated as the same becomes better under- 
stood by reference to the following detail description 
when considered in connection with the accompanying 
drawings wherein: 

FIGS. 1 through 4 present experimental data and are 
discussed in the examples. 

DETAILED DESCRIPTJON OF THE 
PREFERRED EMBODIMENT 

The process of this invention more efficientlv adds 
cobalt additives to the nickel active material *in the 
pores of a sintered plaque of nickel-coated graphite 
fibers. As a result of this procedure, rhe number of 
charge-discharge cycles required to bring a cell using 
the electrode to 90 percent of capacity has been greatly 
reduced. 

LT S Pat. 30. 4,215,190 entitled “Liefit Weieht I&t- 
tery’ Electrode,” issued to b’illiam i Ferraido and 
Raymond A. Sutula on July 29, 1980, herein incorpo- 
rated by reference, discloses examples of the sintered 
plaques or mats used in the electrodes and methods of 
preparing them. The graphite fiber used have a densit) 
of at least 1.8 g/cm 3, lengths of from 1 to 3 inches, and 
diameters of less than 10 microns. The nickel coating is 
actually a coating of from 85 to less than 100 weight 
percent of nickel with remainder being phosphorous. 
However, the coating functions electrochemically as 
pure nickel coating would. These plaques typicali), 
have a highly interconnected pore structure of average 
effective diameter SO-60 microns t IO- A meter). Percent 
void volumes of 80-90 percent are easily, achievable in 
those plaques, 

c 

Nickel active material may be added to the sintered 
nicke!,coateci graphite fiber plaques b>* conventional 
methods such as chemical or elecuochemical deposi- 
tier! on the fibers. See for exan:p!e L.S. Pat. NC. 
4,215,190. Ferrando et al. supra. A preferred procedure 
is disclosed in ES. patent application Ser. so. 740,115, 
filed in Mav 29, 1985, entitled “Method of Impregnat- I 
ing Active$Iaterial into a Composite ?I’icM Plaque,” 
b># WIllam Ferrando, filed as a U.S. patent application 
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simultaneously with the present application and herein 

,p. 
incorporated by reference. In this method Ferrando et 
ai. suspends fine (20 microns or less in diameter) parti- 
cles of nickel active material in ethylene &co1 and 
gently ru’os the suspension into the plaque, &wing 
gravity to do much of the work. The ethylene glycof is 
then removed by evaporation. The nickel active mate- 
rial may be nickel hydroxide nickel oxide, or mixtures 
thereuf, with nickel hydroxide being preferred. 

The critical feature of the process of this invention is 
the method by which the cobalt is added to the nickel 
active material in the sintered nickel coated graphite 
fiber plaque. First, the nickel active material in the 
plaque is soaked in a aqueous solution of a cobalt salt 
chosen from: 

(a) from O.OI to 3.SM cobalt nitrate, 
(bl from 0.01 to IBM cobalt acetate, 
(c) from 0.01 to 1 .OM cobalt sulfate, and 
(d) from 0.01 to 2.OM cobalt chloride. 
Preferably, a solution of 
(a) from 0.1 to 2,OM cobalt nitrate, 
(b) from 0.1 to O.SM cobalt acetate, 
(c) from 0.1 to I .OM cobalt sulfate, or 
(d) from O,I to LUM cobalt chloride is used. 

The solvent used for the aqueous solutions is preferably 
pure water, but solutions of low mofxuiar weight alto- 
hol*(e.g., methanol, ethanol, I-propanol) and water in 
up to a I:1 volume ratio of alcohol to water may be 
used. Ethanol is the preferred alcohol. The upper limit 
of salt concentraticm is determined by practibk factors 
such as the solubility of the salt or the viscosity of the 
res&ing solution. 

After the cobalt solution has completely soaked in to 

P the plaque and covered the surface of the nickel active 
material particles, a cathodic current having a density 
of from about 10 to about 200 mAkm2, and preferably 
from 20 to 100 mA/cmt is applied to the plaque/active 
material for from about 5 to about 600 seconds, and 
more preferably from 5 to 300 seconds. The cobalt 
solution is preferably kept at from 50” to 80’ C. during 
this electrochemical step. The electrical current cm- 
verts the water soluble cobalt salts to water insoluble 
cobalt or cobaIr hydroxide which forms a unifmm coat- 
ing on the surface of nickel hydroxide active material. 
When an operation cel1 that is made of the nickel elec- 
trode and commercial Cd electrodes with 317~ KOH as 
the ekctroiyte is put into cycling, only about 3 to 5 
charge-discharge cycles (C charge rate for 1 hour, C/2 
discharge rate until the cell potential reduces to 1.0 v) 
are required to bring the nickel electrode to 90 percent 
of capacity. 

TWO more preferred methods of surface treating the 
nickel active material are: 

(1) using a soiution of from 1.0 to 1 AM cobalt nitrate 
in a solvent mixture of from 30 to 50 volume percent of 
ethanol wirh the remainder being water and applying a 
cathodic c~rent wirh a density of from 50 to 80 
mA,km2 across the nickel composite electrode for fram 
5 to 20 seconds; or 

(2) using a solution of from 0.2 to 0.5M cobalt acetate 
in water and applying a cathodic current with a densit) 
of from 30 10 50 m,4/cm2 3cross the nickel compcsite 
electrode for from 20 to 120 seconds. 

However, after the r=obait additive deposition step 
.- and befare the plaque is placed into its operational cell, 

it is preferably, placed in a 3 1% KOH solution with a 
nickel sheet counter electrode and subjected to a forma- 
tion c>~ltt. The fc,rmatiw c>*cfe generally cornpris~~ 
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applying 5 minutes of anodic current at c rate and then 
5 minutes of cathodic current at C rate to the plaque. (C 
rate is tile amount of current required 10 charge Ihe cell 
to capacity in one h0ur.j This step is used 10 remove 
anions remaining after the c&z11 deposition step. For 
example, the procedure lets the trapped X03- ions be 
dissolved in the alkaline electrolyte. 

The general nature of the invention having been wt 
forth, the following examples are presented as specific 
illustrations thereof. It will be understood that the in- 
vention is not limited tu these examples but is suscepti- 
ble to various modifications that will be recognized by 
one of ordinary skill in the art. 

For Examples 1, 3, and 4, a conventional electro- 
chemical method was used to impregnate nickel hy- 
droxide into the sintered nickel coated graphite fiber 
composite plaque. A 3”~ 3” plaque of the thickness 
specified in each example served as the cathude and was 
placed between two nickel sheet anodes. The current 
density dufing the process was kept above 80 m A/CL& 
Commercial nickel nitrate containing 2 percent cobalt 
was used, The electrolyte used for the coprecipitation 
control samples was 1.8M in nickel nitrate and 0.2M in 
cobalt nitrate in I:1 by volume ethanol/water. The 
electrolyte used to prepare the samples to be surface 
treated according to the pr~esss of this invention 
were 1.8M in nickel nitrate (alone) in I:1 by volume 
ethanol/water. The temperature of the solutions were 
kept between 70’ C. and 85” C. TWO hours of impregna- 
tion normally brings over 160 Ah/kg capacity on 30 
mils composite plaque. ’ 

In Example 2, the suspension ‘method of Fernando 
US. patent application Ser. No. 740,115, filed on May 
29, 1985 was used and is described in that example. 

In both methods care was t&en that no thick surface 
deposit of active material was formed which would 
possibly block further penetration of electrolyte* 

The charge-discharge cvcling test results for Exam- 
ples 14 ari presented in corresponding FIGS. 14 
E,ach charge-discharge cycle consisted of charging at C 
rate for one hour and then discharging at C/2 rate to a 
I.0 v cut-off. (C rate is the current u*hich will charge 
the cell to capacity in one hour and C/2 rate is one-half 
of that current.] 

The electrochemical and surface treatmnt steps, 
where Ni(N@)z or Co(NU?): are used, leave NO;- 
anions as a contaminant in the plaques. Therefore, prior 
to the charge-discharge cycling, the plaques were sub- 
jected to a formation cycie ~‘hic’n removed the trapped 
NO:- as the dissolved ions. Each plaaue was placed in 
a 31 percent KOH solution with 2 nick sheet counter 
electrode. The formation cycle comprised app&ing 5 
minutes of anodic current at C rate and then 5 minutes 
of cathodic current at C rate to the plaque. 

EXN+IPLE 1 
A control electrode (No. 60) was prepared l?y the 

electrochemical method using a sintered nickel-coated 
graphic fiber composite plaque 20 miis thick with 85 
percent porosity and an elecrrol>*te of I.SM Ni(X0;): 
and 0.2M CoiX0;)~ in i :I ‘n>, wiume erhanoi&ater. .A 
loading level of 161 Ah/Q ~-as ac hked in this copre- 
cipltation procedure. 
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of 161 .4h/kg \vas achieved, Next the electrode was 
surface treared in an electrolyte of 1.8M Co(N03)2 in 

r?. l 

1: 1 bv volume ethanol/water by applying a cathodic 
current of SO mA/cm2 across rhe nickel composite elec- 
trode (working electrode) fur 30 seconds. A pure nickel 
electrode u-as used as the counter electrode. 

results are presented in FlG, 3 where the solid circle 
represent the results for the surface-treated test elec- 
trade (No. 77) and the open circles reprwnt the recults 
for the coprecipitated control electrode 50. 27). Again, 
the surface treated electrode reaches a high, stable rate 
of utilization in fewer cycles that the conventional co- 
precipitated electrode. The cuntrol (No. 60) electrode and the test (No. 59) 

electrode were each subjected to a formation cycle. 
Then each electrode was subjected to a regimen of 
cycling consisting of charging at C rate fur one hour 
and then discharging at C/2 rate to a 1.0 v cut-off. The 
results are presented in FIG. 1 where the solid circles 
represents the results for the surface treated test elec- 
trode (Xo. 59) and the open circles represent ihe results 
for the coprecipitated control electrode (NO. 60). The 
surface treated electrode reaches 90 percent utiiizarion 
of capaciry at a much faster rate than the conventional 
coprecipitated electrode. 

EXAMPLE 2 

t- 

The suspension impregnation method of William 
Ferrando U.S. parent application Ser. No. 740,115, filed 
on May 29, 1985, supra, was used to prepare both the 
control electrode (electrode A) and the surface-treated 
test electrode (electrode 63). For the control electrode 
A, a mixture of fine particles (20 microns) of 93 percent 
by weight of commercial nickel hydroxide (containing 
2 percent cobalt) and 7 percent by weight of cobalt 
hydroxide was suspended in ethylene glycol. The sus- 
pension was gently rubbed and sucked into a 30 mil 
thick, 85 percent porosity sintered nickel-coated graph- 
ite fiber composite plaque. ?+he ethylene glycol was 
then removed by evaporation. A loading level of 160 
Ah/kg capacity was achieved. 

The test electrode (No. 63) was prepared using the 
same plaque and the same suspension method except 
that 100 percent commercial nickel hydroxide was 
loaded into the plaque. The plaque was then surface 
treated according to the method used in Example I 
except that the cathodic current was applied tu the 
composite plaque for 1 minute. 

The control electrode (A) and the surface-treated test 

electrode INo. 63j were subjected to the same charge- 
discharge (C rate charge for 1 hour; C/2 rate discharge 
to a 1 .U v GUI-of0 cycling as was used in Example 1. TGe 
results are presentation in F‘IG. 2 where the,solid circles 
represent the results for the surface-treated test elec- 
trode (No. 63) and the open circles represent the results 
for the cc-impre gr.ated control electrode (.4). The sur- 
face electrode reaches an 85-90 percent utilization of 
capacity at a much faster rate than the control eiec- 
trode. 

EXAMPLE 3 
The methods. used in example 1 were used on sintered 

nickel-coated graphite fiber plaques which were 100 mii 
thick and had a porosity of 80 percent. The coprecipi- 
tated cOntrOl electrode (electrode No. 27) was loaded,to 
a capacity of UO Ah/kg. The surface treated test elec- 
trade (electrode Yo. 77) spas loaded to a capacity of 175 
Ah/kg and rhen surface treated in cobalt nitrate as in 
example 1 except that the cathodic current was passed 
through the ccmposire plaque for 20 seconds. 

The copreclpltated control electrode (No. 27) and the 
surface-treated lest electrode (So. 77) were subjected 10 
the same formatIon cycle and then the same charge-d& 
charge (C rate charge for 1 hour; C/2 rate discharge 10 
a t .O \ cui-ofTj @ing as was used in example 1. The 
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EXAMPLE 4 

A surface treated test electrode (so. 66) was pre- 
pared according to the procedure used in Example 1 
(for electrode 59). The cathodic current was applied to 
electrode No. 66 for 20 seconds during the surface treat- 
ment. The electrode 66 had a capacity of 159 Ah/kg. 

Another surface treated electrode (elect&e Xo. 67) 
loaded to 146 Ah/kg was prepared according to the 
method of example 1 but with t’ne following modifica- 
tions to the surface tieatment. (1) an electrolyte of,MM 
cobalt acetate in water was used, and (2) the cathodic 
current was applied to the composite pique for 2 min- 
utes. 

T’he cobalt nitrate surface treated tat electrode (Ko. 
66) and the cobalt acetate surface treated test electrode 
(No. 67) were subjected to the SaDle formation cycle 
and then the same charge-discharge (C rate charge for 
1 hour; C/2 rate discharge to a 1.0 v cut-off) cycling as 
was used in Example 1. The results are shown in FIG. 
4 where solid circles represent the results for the cobalt 
nitrate swface treated tst electrode (NC. 66) and solid 
triangles represent thi results for the cobalt acetate 
surface treated test electrode (No. 67). As can k seen. ’ 
90 percent utilization is achieved in ahut 3 to 5 cycles 
for both the cobalt nitrate and cobalt acetate surface 
treated electrodes. This demonstrates that the anion of 
the cobalt salt is not critical to the surface treatment 
process. Therefore, other water soluble cobalt 41s 
such as cobalt sulfate (COSUA) and cobalt chloride 
(CoCS2) should work equally well- 

Obviously, numerous modifications and variations of 
the present invention are possible in li@t of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may lx 
practiced otherwise than as specifiqlly described 
herein. 

What is claimed as new and desired to be &red by 
Letters Patent of the United States is: 

1. .A process of treating a nickel active material/sin- 
tered nickel coated graphite fiber grid composite elec- 
trode comprising: 
(1) soaking a nickel composite electrode comprising 

(a) a grid of sintered nicke!-caared graphite fikrs 
wherein the grid has pares of an average effective 
diameter of from 50 to 60 microns. and 

(b) an nickel active mater;lal se!ected frcm the group - 
consisting of nickel oxide. nickel hydroxide, and 
mixtures thereof which is cznrained i3 the pores of . 
rhe grid in a cobalt solution select from rhe gruup 
consisting of 
(a) from 0.01 to !.5M cobalr nitrarc. 
(b) from 0.01 io 1 GM cobsit sulfate 
(2) from 0.01 10 LUM cobalt chloride. and 
(d] from 0.01 to XM cc&air acetate in 3 solvrtnt 

selected from the group co~~s~n~ of (i’) water 
md (ii) 3 mixture of u ;trer ;Ind from more than 
zero 10 50 wiums psrcer,t of an ;Ilcclhol I;sIKted 
from the ~rcrup LX~~S~SIKJ.~ of merh3nol. rsthancll. 
n-propand. and rnihrurcq thrr4; UK! 
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(2) applying a cathodic current having a density of from 

/--> 
about i0 to about 200 mA/cm: across the nickel cam- 
posite electrode for from 5 to 600 seconds while the 
electrode is in the cobalt solution. 
2. A process according to claim 1 wherein the solvent 5 

is water. 
3. A process according to claim 1 wherein the solvent 

is a mixture of water and an alcohol selected from the 
group consistine of methanol, ethanol, n-propanol, and 
mixtures thereof, wherein the alcohol comprises from 10 
more than zero to 50 volume percent of the solvent with 
water being the remainder, 

4. A process according to claim 3 wherein the alcohol 
is ethanol. 

5. A process according to claim 3 wherein the alcohol f 5 
comprises from 30 to 50 volume percent of the solvent 
with water being the remainder. 

6. A process according to claim 1 wherein step (2) is 
performed at a temperature of from about 50” C. to 
about 80’ C. 20 

7. A process according to claim 1 wherein the cobalt 
solution is selected from the group consisting of 

(a) from 0.1 to 2,OM cobalt nitrate, 
(b) from 0.1 to OSM Cobalt sulfate, 
(c) from 0.1 to LOM cobaIt chloride, and 25 

(d) from @I to LOM cobalt acetate in the solvent of 
cIaim I. 

8. A process according to claim 1 wherein in step (2) 
a cathodic current having a density of from 20 to 200 
mA/cd is applied acruss the nickel composite elec- 
trade for from 5 to 300 seconds while the electrode is in 
the cobalt solution* 

9. .4 process according to claim 3. wherein the cobalt 
solution comprises from LO to 1.8!4 cobalt nitrate in the 
solvent of claim 1 and the cathodic current applied 
across the nickel composite electrode in step (2j has a 
density of from 50 to 80 mA/cmz and is applied for from 
5 to 2b seconds. 

10. A process according to claim 9 wherein the sol- 
vent used is a mixture of from 30 to 50 volume percent 
of ethanol with the remainder being water. 

IL A process according to claim 1 wherein the cobalt 
solution comprises from 0.2 to 0.5M cobalt- acetate in 
the solvent of claim 1 and the cathodic current applied 
across the nickel composite electrode in step (2) has a 
density of from 30 to 80 mA/cmz and is applied for from 
20 to 120 seconds. 

12. A process according fo claim 11 wherein the 
solvent is water. 

* * * l l 
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